• Data from First Nations and Métis participants aged 18 and older in the CANRISK studies were analyzed; 69% of participants were under 40 years old, and 15% had either prediabetes or diabetes.
• Though the standard CANRISK score cut-off point of 33 points achieved expected accuracy in this First Nations and Métis sample aged 40 or over, a lower cut-off point of 21 was shown to be more sensitive for individuals under 40.
• Alternative ethnicity-specific BMI/ WC cut-off points did not improve the predictive ability of a logistic regression model using the CANRISK variables.
Over the past century, the Canadian Aboriginal population has been affected by westernized nutritional and lifestyle changes. 3 Traditional foods (game, fish, seafood, edible wild plants) which are high in animal protein and low in fat 4 have been replaced by store-bought foods, which are higher in refined carbohydrates and fat with less protective fiber; all of which have been implicated as major factors in increased diabetes rates in First Nations. 5 Moreover, procurement of storebought foods reduces physical activity, as it results in less fishing, hunting, trapping and growing of foods.
Introduction
From the 2011 National Household Survey, 4.3% of the Canadian population identified themselves as Aboriginal (First Nations, Inuit, or Métis), with 28% aged 14 years or under and 18.2% aged 15 to 24 years 1 . Studies have demonstrated that the Canadian Aboriginal population is at a higher risk for developing diabetes due to many factors including lifestyle, environmental and genetic. healthcare 7 and healthy food 8 in many First Nations communities that may contribute to the development of diabetes and its complications, in addition to a delay in diagnosis and preventative treatment. 2 Researchers have suggested that some Indigenous peoples may have genes that promote caloric conservation during times of food shortage. 9 Particular polymorphisms linking obesity and diabetes in small groups of First Nations people have been found to support this hypothesis. [10] [11] [12] The cumulative effects of these factors have resulted in an increased prevalence of diabetes in a variety of First Nations and Métis communities, with an average age standardized prevalence of 21% in individuals 25 years or older. 13 Diabetes is also becoming more prevalent among younger individuals in First Nations populations compared to the general Canadian population. 2, 14 Higher complication rates among First Nations, particularly nephropathy and neuropathy, are also exacerbated by the earlier onset of diabetes compared to other Canadians. 15, 16 These factors highlight the importance of developing a lowcost and simple screening tool for dysglycemia to address First Nation and Métis populations who are at high risk for type 2 diabetes at an earlier age. 17 In Canada, a Canadian Diabetes Risk Questionnaire (CANRISK) was developed from a similar tool developed in Finland (FINDRISC). 17 To take into account Canada's multi-ethnic population and other correlates of diabetes, CANRISK included questions about parental ethnicity, education, sex and large birth-weight babies (macrosomia). The published CANRISK tool presents three risk groups: low risk (scores lower than 21), moderate risk (scores 21 to 32), and high risk (scores 33 and higher). CANRISK was developed and validated in a study of 6223 Canadians, the majority of whom were 40 years or older, and 12% of whom were Aboriginal people based on the mother's ethnicity. 17 While Aboriginal people were overrepresented in this initial sample, the effectiveness of CANRISK in identifying dysglycemia (prediabetes and diabetes) has not been ascertained specifically for the First Nations and Métis population. Furthermore, data from several studies indicate that body mass index (BMI) and waist circumference (WC) are important predictors of diabetes 15, 18, 19 , and First Nations and 20 Since CANRISK was developed using the World Health Organization (WHO) standard cut-off points for WC and BMI, it is prudent to examine whether lower BMI and/or WC cut-off points may provide a more accurate risk assessment specific to First Nations and Métis. Interestingly, the Australian diabetes risk assessment tool (AUSDRISK) includes alternative WC cutoffs points validated for the Australian Aboriginal population. 21 Additionally, alternative BMI cut-offs recommended by the WHO for Asians were found to have better accuracy in identifying obesity within this population.
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Primary and secondary aims
The primary aim of this paper was to assess the effectiveness of the current CANRISK tool and cut-off points in detecting dysglycemia in both older (40 years and older) and younger (under 40 years old) First Nations and Métis participants. A secondary aim was to compare the predictive ability of logistic models using CANRISK variables, with alternative WC and BMI cut-off points, for assessing the odds of dysglycemia in a First Nations and Métis sample.
Methods
As part of the validation of CANRISK, the Public Health Agency of Canada (PHAC) collected data from a large sample of Canadians across Canada over two phases of data collection. The current study comprises a sub-sample from this data set, pooled over both phases of data collection, by specifically including only First Nations and Métis participants (n = 1469).
In Phase 1 (2007 to 2011) and Phase 2 (2013 to 2014) of the CANRISK study, residents aged 18 and over, from seven provinces (British Columbia, Saskatchewan, Manitoba, Ontario, New Brunswick, Nova Scotia and Prince Edward Island) and two territories (Yukon and Nunavut) in Canada, of unknown diabetes status, were invited to participate in a dysglycemia risk assessment study. In Phase 1, most participants were over 40 years and recruited during their visits at community health centres, although some were recruited via mailouts from community health centres and regional health authorities. 17 Phase 2 of recruitment was specifically aimed at younger participants aged 20 to 39 among some high-risk ethnic populations including First Nations and Métis. In Phase 2, radio announcements, social media, posters, brochures and pamphlets were added to advertise participant recruitment. Local public health nurses could be contacted for recruitment questions. Those who already had a diagnosis of diabetes or were pregnant, or were unable to complete the CANRISK questionnaire in English or French were excluded. Participants in Phase 2 received a $50 food voucher for local grocery stores as compensation in Nunavut, Yukon, and Saskatoon data collection sites, and $50 cash compensation at the Vancouver site.
In order to ensure participants of First Nations and Métis heritage, data were collected in several communities with a high proportion of First Nations and Métis residents in conjunction with local health authorities. The highest numbers of First Nations and Métis participants were recruited through collaboration with the Yukon Department of Health and Social Services and the Saskatoon Health Region. In accordance with the Tri-Council requirements of conducting research in Aboriginal communities, ethics approvals were granted by the Health Canada/PHAC Research Ethics Board and by each local research ethics office or board. The First Nations and Métis subgroup of the CANRISK study population was used for this analysis. Participants who identified one or more parents of First Nations or Métis origin were retained in the analysis. In Phase 1, the data collection grouped those of First Nations, Métis and Inuit heritage into a single variable of Aboriginal heritage, which we were unable to separate. We ascribed First Nations and Métis ethnicity to all participants from Phase 1 who were recruited from the Saskatoon site and who self-identified as having Aboriginal heritage. As less than 1% of the Aboriginal population identifies as Inuit in Saskatoon 24 , we are confident that the number of Inuit participants that misclassified as First Nations and Métis is minimal.
Risk assessment and data gathering procedures
There were two different data gathering procedures, depending on the data collection phase (first or second). During the first phase, data gathering began at the time of recruitment with informed consent and instructions to arrive at the data collection site on a different day in a fasting state. Once at the data collection site, CANRISK was self-administered, and anthropometric measurements and two venous blood samples were collected on-site to determine glycemic status (see details below, the oral glucose tolerance test or OGTT); both of which were performed by nurses or health professionals. During the second data collection phase, however, informed consent was collected, as well as CANRISK scores and anthropometric measurements, all during the initial visit. Participants were then instructed to arrive at the blood collection site on a different day in a fasting state in order to collect the same two venous blood samples (to determine glycemic status by OGTT). Anthropometric measurements were taken in a standardized way after all project staff had received training. Participants were weighed using a digital standing scale without shoes and dressed in indoor clothing. A standardized tape measure attached to the wall was utilized for height and the minimum circumference between the umbilicus and xiphoid provided the WC measurements.
The CANRISK tool collected information on sex, age, mother and father's ethnicity, self-reported physical activity (such as brisk walking for at least 30 minutes each day), self-reported daily fruit and vegetable consumption, history of high blood pressure, history of high blood glucose, family history of diabetes, and education. 17 The full CANRISK tool can be found here: http://healthycanadians.gc.ca /en/canrisk?utm_source=VanityURL &utm_medium=URL&utm_campaign =publichealth.gc.ca/canrisk. Individual CANRISK scores were generated for each participant according to the publicly available CANRISK tool. 25 Since the CANRISK tool was intended for participants over the age of 40, the reference group (zero points) for age was 40 to 44 years. As such, the participants in the present study under the age of 40 were also assigned zero points for age-related risk.
Participants' glycemic status was determined using a standard oral glucose tolerance test (OGTT) procedure, which includes fasting plasma glucose (FPG) and a plasma glucose 2 hours after a 75-g glucose challenge (2hPG), as recommended by the WHO and Canadian Diabetes Association (CDA) 2013 guidelines. 26, 27 An individual was classified as having prediabetes if they had a FPG level of 6.1 to < 7.0 mmol/L, and/or a 2hPG of 7.8 to 11.0 mmol/L. An individual was classified as having diabetes if they had a FPG level of 7.0 mmol/L or higher, and/or a 2hPG of higher than 11.0 mmol/L. Dysglycemia, a positive OGTT, referred to an individual having a FPG level ≥ 6.1mmol/L and/or a 2hPG of ≥ 7.8 mmol/L.
Data analysis
Descriptive analyses were conducted in order to describe participant characteristics. Glycemic status according to their OGTT results was also described. Logistic regression with all covariates from CANRISK was performed using SAS 9.3, with presence or absence of dysglycemia as the outcome variable. Reference categories were based on the previously validated CANRISK model which best represented good health. 27 Four logistic regression models were conducted using CANRISK standard and alternative [28] [29] [30] WC and BMI cut-off points as described below. Models were then compared for model fit using a Receiver Operator Characteristic (ROC) Curve measuring the area under the curve (AUC) and the Hosmer Lemeshow Goodness of Fit test. 31 In the CANRISK tool, standard BMI cut-off points were < 25 kg/m 2 (underweight and normal weight; reference), 25 to 29.9 kg/m 2 (overweight), 30 to 34.9 kg/m 2 (obesity class 1) and 35+ kg/m 2 (obesity classes 2 and 3) 17 ; standard WC cut-off points were small (male < 94 cm and female < 80 cm; reference), medium (male 94 to 102 cm and female 80 to 88 cm) and large (male > 102 cm and female > 88 cm). 17 The alternative Aboriginal cut-off points for BMI from AUSDRISK 17 were: < 23 kg/m 2 (underweight and normal weight; reference), 23 to < 27.5 kg/m 2 (overweight) and 27.5 kg/m 2 or higher (obese). Alter native WC cut-off points recommended for Asians by the WHO 22, 23 were: small (male < 90 cm, female < 80 cm; reference), medium (male 90 to 100 cm, female 80 to 90 cm) and large (male > 100 cm, female > 90 cm).
The sensitivity, specificity, positive predictive value and accuracy rates were determined using the original CANRISK score risk categories ("Slightly Elevated Risk" cut-off point ≥ 21, and "High Risk" cut-off point ≥ 33) 24 for the whole sample, for those under 40 years, and those 40 years or older. Sensitivity was defined as the proportion of people who had a positive CANRISK score among those with a positive OGTT result. Specificity was the proportion of people who had a negative CANRISK score among those with a negative OGTT result. The positive predictive value (PPV) was defined as the probability that subjects with a positive CANRISK result truly had dysglycemia as determined by a positive OGTT. The negative predictive value (NPV) was the probability that subjects with a negative CANRISK result truly did not have dysglycemia as determined by a negative OGTT result. Both positive and negative predictive values are affected by the underlying prevalence of the condition, while sensitivity and specificity scores are independent of prevalence. The accuracy rate was the number of confirmed positive CANRISK scores and the number of confirmed negative CANRISK scores out of the total number of participants. These measurements were calculated to identify if the current CANRISK cut-off points could be used in a primarily younger First Nations and Métis population.
Results
A total of 1479 First Nations and Métis individuals participated in the CANRISK study; 834 individuals from phase 1 and 645 from phase 2. The study sample was 57% female, and 69% were aged 18 to 39 years (see Table 1 ). Less than 10% had obtained a college or university degree, and 46% had some high school education or less. Using CANRISK BMI and alternative cut-off points, 73% and 80% were considered overweight or obese, respectively. Likewise, 68% and 69% were in the highest CANRISK WC and alternative cut-off point category, respectively. Fifteen percent of participants had pre-diabetes or diabetes according to standard cut-off points applied to their OGTT results (see Table 2 ). Table 3 provides the odds ratios from four adjusted logistic regression models using CANRISK variables. The sample size for the logistic regression models was reduced from 1479 to 1373, as 7% of the sample had a missing value on at least one of the variables. Model A used the CANRISK standard BMI and WC cut-off points. Model B used original BMI but alternative WC cut-off points based on the alternative Aboriginal cut-off points used in the AUSDRISK. 28 Model C used original WC but alternative BMI cut-off points based on WHO recommendations for Asians. 29, 30 Finally, Model D used both alternative WC and BMI cut-off points. All four logistic regression models passed the HosmerLomeshow goodness of fit test with p values ranging from 0.35 to 0.75 (see Table  3 ). Each model also showed good predictive ability for dysglycemia, with similar AUCs of approximately 0.75. In other words, using alternative BMI and/or WC cut-off points did not improve the predictive ability of the model as the AUC was no different than the Model with original BMI and WC cut-off points.
Predictive ability statistics of CANRISK by age group, including sensitivity and specificity are presented in Table 4 . Using the "high risk" cut-off point of 33, the sensitivity and specificity were 68% and 63% in those aged 40 or over; and in those aged under 40, it was 27% and 87%, respectively. However, when using the "slightly elevated risk" CANRISK cut-off point of 21, the sensitivity was improved to 77%, and the specificity was reduced to 44%, in those aged below 40 years.
For those 40 and older, the PPV was 38% and the NPV was 86% at the original cutoff point of 33. For those under 40, the PPV was 18% and the NPV was 92% with an overall accuracy of 81% at the original CANRISK cut-off point of 33, whereas the PPV was 13% and NPV 95% with an overall accuracy of 47% using the alternative, more sensitive, CANRISK cut-off point of 21.
Discussion
In order to determine if ethnicity-specific cut-off points for BMI and WC model would better predict dysglycemia risk among First Nations and Métis Canadians, three logistic regression models using alternative BMI and/or WC cut-off points, in addition to a model using the original CANRISK cut-off points, were performed. However, contrary to what was hypothesized, alternative BMI and/or WC cut-off points did not improve model fit. Though each model had good predictive ability (75%), the alternative models did not more accurately predict dysglycemia risk beyond what was found in the original model. Our results suggest that current BMI and WC cut-off points used in the CANRISK tool are appropriate for use in a Canadian First Nations and Métis population.
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Among participants aged 40 years and over, using the CANRISK score of 33 as a cut-off point for high risk of dysglycemia, we found similar sensitivity and specificity to that reported in the original CANRISK validation paper: 17 sensitivity of 68% versus 66%; specificity of 63% versus 70%, respectively. Using the same threshold scores for younger adults yielded lower sensitivity (27%) and higher specificity (87%). However, using a lower CANRISK score threshold of 21 points for younger adults, a sensitivity of 77% and specificity of 44% was achieved. In other words, in order to achieve comparable predictive ability, a lower CANRISK score threshold of 21 points is needed for First Nation and Métis Canadians adults below the age of 40 years.
The need for a lower score threshold for younger participants is logical. Age is a key unmodifiable variable in the CANRISK score with 0 points attributed to ages 40 to 44 years up to 15 points attributed to those 65 to 74 years old, out of the highest possible score of 93 points. The maximum CANRISK score is therefore lower for participants under 40 years of age than for participants over 40 years of age. To compensate, in practice, this would mean using a threshold of 21 points for younger First Nations and Métis people (age 18 to 39) and 33 points for participants 40 and older. This does, however, have implications for the positive predictive value (PPV) of the test and its accuracy. For those under 40, given the relatively low prevalence of dysglycemia at younger ages, the PPV is only 13% at a cut-off of 33 and 18% at a cut-off of 21, whereas for those 40 and over, the PPV is 29% and 38%, at cut-offs of 33 and 21 points, respectively. The higher PPV at both cutoffs among the older age group reflects the higher underlying prevalence of dysglycemia with increasing age. For those under the age of 40, while accuracy was reduced from 81%, at the 33-point cut-off, to 47%, at the 21-point cut-off, the sensitivity was sufficiently increased to a more ideal level, compensating for the decrease in accuracy. The increase in sensitivity ensures that potentially affected young individuals do move on to clinical diabetes testing, which is more important than having the highest accuracy. Using cut-off points that balance sensitivity and specificity in both age groups ensures that potentially affected individuals from either age group do move on to clinical diabetes testing, while reducing the need for expensive and cumbersome screening of low-risk participants.
Strengths and limitations
In this paper we investigated the effectiveness of the CANRISK tool in screening for dysglycemia risk in a relatively large sample size of First Nations and Métis people from across Canada. We also investigated whether alternative BMI and WC cut-off points improved the predictive ability of the CANRISK model for dysglycemia in this population. To our knowledge, this is the first paper to examine the impact of using alternative BMI and WC categorizations in Canada. It is possible that our two separate recruitment strategies resulted in some group differences in the participating individuals between Phases 1 and 2.
In addition, the fact that those with a preexisting diabetes diagnosis were excluded from the current analysis makes it impossible to compare rates of diabetes and its risk factors between the current study and the general First Nations and Métis population.
Conclusion
The CANRISK tool functions well in a sample of Canadian First Nations and Métis as the primary step of diabetes screening for not only those aged 40 years or over but also for those under 40, with an adjustment of CANRISK score cut-off point. Our study found that alternative First Nations and Métis specific BMI and WC cut-off points did not improve the predictive ability of a logistic regression model using the CANRISK variables. Using CANRISK in the First Nations and Métis population can effectively support the early detection of type 2 diabetes and help promote awareness of its risk factors.
